ABSTRACT Background: Dietary fiber may reduce the risk of prostate cancer, possibly by increasing circulating concentrations of sex hormonebinding globulin and improving insulin sensitivity. However, results from previous epidemiologic studies of fiber intake and prostate cancer are inconsistent, and to our knowledge, no study has comprehensively evaluated the effects of soluble and insoluble fiber on prostate cancer in Asia. Objective: The objective was to examine the association between fiber intake and prostate cancer in Japanese men. Design: We conducted a population-based prospective study in 43,435 Japanese men aged 45-74 y. Participants responded to a validated questionnaire, which included 138 food items. Follow-up was from 1995 through 2009. HRs and 95% CIs of incidence were calculated according to quartiles of fiber intake. Results: During the 11.6-y follow-up, of the 825 men newly diagnosed with prostate cancer, 213 had advanced-stage cancer, 582 had organ-localized disease, and 30 had an undetermined stage of disease. Among them, 217 cases were detected by subjective symptoms. Total fiber was not associated with total or advanced prostate cancer, with respective multivariable HRs for the highest and lowest quartiles of 1.00 (95% CI: 0.77, 1.29; P-trend = 0.97) and 0.67 (95% CI: 0.42, 1.07; P-trend = 0.30). Total fiber and insoluble fiber intake were associated with a decreased risk of advanced cancers detected by subjective symptoms, with multivariate HRs (95% CIs) across increasing quartiles of 1. 00, 0.58, 0.62, and 0.44 (0.21, 0.92; P-trend = 0.05) for total fiber and 1. 00, 0.60, 0.52, and 0.46 (0.22, 0.93; P-trend = 0.04) for insoluble fiber. Soluble fiber intake showed no association with prostate cancer. Conclusions: Dietary fiber is inversely associated with advanced prostate cancer detected by subjective symptoms even among populations with relatively low intake, such as Japanese. These results suggest that a very low intake of dietary fiber is associated with an increased risk of prostate cancer.
INTRODUCTION
Analyzing the incidence of cancer may provide insights into its etiology. The incidence of prostate cancer shows considerable international variation (1) . Of note, the findings that the incidence of prostate cancer is rising in Japan (2) and that it increases in men who migrate from low-to high-incidence areas (3, 4) indicate that its etiology may involve environmental factors, including diet. These increases may be at least partly explained by alterations in insulin metabolism related to a Western diet and lifestyle.
It has been suggested that dietary fiber may reduce prostate cancer risk, possibly by increasing circulating levels of sex hormone-binding globulin (5, 6 ) and improving insulin sensitivity (7) (8) (9) . However, the World Cancer Research Fund (10) stated that there is insufficient evidence to draw a conclusion on the association between dietary fiber intake and prostate cancer risk. Furthermore, most studies have been conducted in Western populations, and to our knowledge, no study has comprehensively evaluated the effects of soluble and insoluble fiber on prostate cancer in Asia. We therefore considered that investigations in the Japanese population may be informative, given Japan's low fiber intake (11) and low incidence of prostate cancer compared with Western countries (12) . Furthermore, the major sources of fiber intake in Japan-namely, soy foods, rice, and shiitake mushrooms-differ from those in Western countries. In addition, although prostate cancer is clinically diagnosed as local (confined to the prostate) or advanced (distant spread), studies of the association of various suspected risk factors, such as smoking and isoflavone and green tea intake, with prostate cancer aggressiveness have been conflicting (13) (14) (15) (16) . Risk factors for prostate cancer might therefore differ by disease aggressiveness.
Here, we examined the effects of dietary fiber intake and advanced-stage and organ-confined prostate cancer separately among a Japanese population.
MATERIALS AND METHODS

Study population
The Japan Public Health Center (JPHC) 5 -based Prospective Study was started in 1990. Details of the study design have been described previously (17) . The study population was defined as all residents of 11 public health center areas across Japan aged 40-69 y at the start of the respective baseline survey (71,698 men and 68,722 women). In the present analysis, subjects registered at one public health center area were excluded, because data on cancer incidence were not available. The study was approved by the Institutional Review Board of the National Cancer Center, Tokyo, Japan.
Cohort participants responded to a self-administered questionnaire at baseline in 1990-1994. A 5-y follow-up survey was conducted in 1995-1998. The 5-y follow-up survey included more comprehensive information on food intake frequency than did the baseline survey, and the present study therefore used the 5-y follow-up survey as the baseline (starting point) and followed the subjects until 2009. The questionnaire also included information on medical history and lifestyle factors, such as smoking, alcohol intake, diet, and others. After exclusion of persons who were ineligible (non-Japanese nationality, late report of migration occurring before the start of the study, or incorrect birth data), had died, moved out of a study area, or were lost to follow-up before the starting point, 58,387 men were eligible for participation. Of these, 46,017 men responded (response rate 79%) and were included in the present study.
Assessment of fiber intake
In the 5-y follow-up survey, the self-reported semiquantitative food-frequency questionnaire (FFQ) contained a list of 138 food and beverage items with standard portions/units and 9 frequency categories (never, 1-3 times/mo, 1-2 times/wk, 3-4 times/wk, 5-6 times/wk, 1 time/d, 2-3 times/d, 4-6 times/d, and $7 times/d). A standard portion size was specified for each food item, and respondents were asked to choose their usual portion size from 3 options (less than half the standard portion size, standard portion size, or more than 1.5 times the standard portion size). The frequency of consumption of other foods (such as miso soup) was divided into 6 categories (almost never, 1-3 d/mo, 1-2 d/wk, 3-4 d/wk, 5-6 d/wk, and daily). The frequency and relative amount of rice consumption were assessed by using 9 choices ranging from ,1 bowl/d to 10 bowls/d.
Daily food intake was calculated by multiplying frequency by standard portion and relative size for each food item in the FFQ. Daily nutrient intakes were calculated from the FFQ data by multiplying the nutrient content per portion of each food by the indicated frequency of consumption and summing values for all related foods. Nutrient content was calculated by using the fifth revised and enlarged edition of the Standard Tables of Food Composition in Japan (18) . The FFQ included questions on supplement use, but nutrient intake from supplements was not included in analyses, because no comprehensive database for supplements was available. Because very few fiber supplements were available at the time of the study in Japan, intake from supplements for these nutrients is considered minimal.
Validity among subsamples was assessed by using 14-or 28-d dietary records. Spearman's correlation coefficient between the energy-adjusted intake of total fiber from the questionnaire and from dietary records in men was 0.43 for cohort I (n = 102) and 0.57 for cohort II (n = 143) (19, 20) .
Follow-up and identification of prostate cancer
We followed all registered cohort subjects from the starting point until 31 December 2009. Changes in residence status, including survival, were identified annually through the residential registry in each area or, for those who had moved out of the study area, through the municipal office of the area to which they had moved. During the follow-up period in the present study, 8549 (19.7%) subjects died, 2317 (5.3%) moved out of the study area, and 107 (0.3%) were lost to follow-up.
Incidence data for prostate cancer were collected for the JPHC cancer registry through the following data sources: active patient notification from major local hospitals in the study area and data linkage with population-based cancer registries. Death certificates were used as a supplementary information source. Cases were coded by using the International Classification of Diseases for Oncology, Third Edition. The proportion of cases for which information was available only from death certificates for prostate cancer in our cancer registry system was 2.1%. This percentage was considered satisfactory for the present study. A total of 825 newly diagnosed prostate cancer cases were identified by 31 December 2009. Regarding detection, 35.0% were detected by screening, 26.3% by subjective symptoms, and 18.7% incidentally during attendance at the hospital for another condition, whereas no information on detection was available for 20.0%. Advanced cases were defined by a diagnosis of extraprostatic or metastatic cancer involving lymph nodes or other organs. If this information was not available, advanced cases were defined as those with a high Gleason score (8-10) or poor differentiation. These criteria were selected to allow the identification of advanced cases with a high likelihood of poor prognosis. The remaining cases were organ localized. In this study, there were 213 advanced-stage cases, 582 organ-localized cases, and 30 (4% of total) cases of undetermined stage.
Statistical analysis
Among the 46,017 men who responded to the questionnaire, those with a history of prostate cancer (n = 66) and those who reported extreme total energy intake (,800 or .4000 kcal/d; n = 2516) were excluded, leaving 43,435 men for analysis (Supplemental Figure 1) .
Person-years of follow-up were determined from the starting point until the date of diagnosis of prostate cancer, the date of a subject's death, the date of moving out of the study area, or 31 December 2009, whichever occurred first. For subjects lost to follow-up, the last confirmed date of presence in the study area was used as the date of censor.
HRs and 95% CIs of prostate cancer for quartiles of energyadjusted dietary fiber intake were estimated by the Cox proportional hazards model. To exclude the influence of screening, we also analyzed the association between prostate cancer and fiber intake in subjects whose cancer was detected by subjective symptoms. Energy adjustment of fiber intake was done by using the residual method (21) . The estimates were adjusted for the following confounding factors incorporated into the model: age at starting point (5-y groups), study area (10 public health centers), smoking status (never, former, or current), alcohol intake (almost never, ,3-4 times/wk, or .5 times/wk), marital status (yes or no), and consumption of green tea (0, #6 cups/wk, 21 cup/d, 2-3 cups/d, or $4 cups/d), genistein (mg/d), saturated fatty acid (g/d), and carbohydrate (g/d). These variables are either known or suspected risk factors for cancer or have been associated with the risk of prostate cancer in the JPHC study (14, 15, 22) . We did not adjust other factors (dietary intakes of calcium, processed meat, lycopene, vitamin E, and selenium), which are established or suggested risk factors in reports by the World Cancer Research Fund (10), for the following reasons: results were not substantially changed after further adjustment for intake of processed meat, lycopene, and vitamin E; calcium was highly correlated with saturated fatty acid owing to their similar sources, such as dairy products in Japan; and we were unable to calculate selenium intake. Trends were assessed by assignment of the ordinal value. All P values were 2-sided, and statistical significance was determined at the P , 0.05 level. All statistical analyses were conducted by using SAS software (version 9.3; SAS Institute Inc.).
RESULTS
During 503,434 person-years of follow-up (average follow-up: 11.6 y) for 43,435 men, a total of 825 cases of prostate cancer were newly diagnosed and included in the analyses.
Baseline characteristics of subjects according to dietary total fiber intake are shown in Table 1 . Subjects with higher fiber intake tended to be older, smoke less, drink less alcohol and more green tea, and have higher consumption of isoflavone (genistein), saturated fatty acids, and carbohydrates. The proportion of men who lived with their wife was higher in subjects with higher fiber intake. Similar characteristics were seen in tables stratified by soluble and insoluble fiber intake. Table 2 shows age-and area-adjusted and multivariable HRs and 95% CIs for prostate cancer by intake of total fiber, soluble fiber, and insoluble fiber. We observed no association between energy-adjusted intake of total, soluble, and insoluble fiber and total prostate cancer risk. Because fiber intake may also influence prostate cancer progression, we also examined advanced-stage and organ-confined prostate cancer separately. HRs of advanced prostate cancer were nonsignificantly below unity for the highest quartile of intake of all types of fiber. The multivariable HR was 0.67 (95% CI: 0.42, 1.07) for total fiber, 0.89 (95% CI: 0.56, 1.42) for soluble fiber, and 0.69 (95% CI: 0.44, 1.11) for insoluble fiber. To exclude the influence of screening, we next analyzed the association between prostate cancer and fiber intake in subjects whose cancer was detected by subjective symptoms ( Table 3) . Total fiber intake was associated with a decreased risk of total and advanced prostate cancer, with respective multivariable HRs for the highest and lowest quartiles of 0.59 (95% CI: 0.36, 0.96; P-trend = 0.04) and 0.44 (95% CI: 0.21, 0.92; P-trend = 0.05).
The inverse association between total and advanced prostate cancer and insoluble fiber intake was stronger, with respective multivariable HRs (95% CIs) for the highest and lowest quartiles of 0.57 (0.35, 0.92; P-trend = 0.02) and 0.46 (0.22, 0.93; P-trend = 0.04).
Furthermore, our analyses did not change when restricted to cases that were diagnosed after the first 2 y of the follow-up period. 
DISCUSSION
In our study, total fiber, particularly insoluble fiber, showed statistically significant inverse associations with total prostate cancer detected by subjective symptoms. Furthermore, the inverse associations became stronger in advanced prostate cancer. To our knowledge, this is the first study to report an inverse association between fiber intake and prostate cancer in Japanese men, who have a lower intake than do Western populations because of the low dietary fiber content in refined rice, the staple food among Japanese [mean, 14.3 g/d in Japanese men (11) second quartile of fiber intake, very low fiber intake is associated with an increased risk. Although some recent prospective studies from Western countries have reported that fiber intake is not associated with prostate cancer (24) (25) (26) , our results are similar to those of several previous epidemiologic studies. In a case-control study, Lewis et al. (27) reported inverse associations between fiber intake and prostate cancer risk. A small case-control study among black men living in Africa (with 66 cases) reported a statistically significant 40% risk reduction among men who consume more than 15 g/d in total fiber intake compared with men who consume less than 15 g/d (28) . In the European Prospective Investigation into Cancer and Nutrition study, Suzuki et al. (23) found no statistically significant association between dietary fiber intake and risk of advanced-stage or high-grade prostate cancer but observed a significant inverse association for fiber from fruit and prostate cancer risk at 65 y or older. In a prospective study in the United States, dietary fiber intake was inversely associated with aggressive prostate cancer among both African Americans and European Americans (29) . Recently, total and insoluble fiber intakes were inversely associated with prostate cancer risk in the Supplementation en Vitamines et Mineraux Antioxydants (SU.VI.MAX) cohort (30) .
Fiber may confer effective protection by reducing glycemic load and by improving insulin sensitivity (7, 8, 31) . Insulin may affect cancer development by exerting mitogenic effects itself and by decreasing insulin-like growth factor (IGF) binding proteins, which increase the bioactivity of IGF-1 (32) . In addition, much epidemiologic evidence, including 2 recent metaanalyses (33, 34) , supports a moderate positive association between circulating IGF-1 and risk of prostate cancer. Furthermore, an intervention study among men diagnosed with prostate cancer found prostate cancer cell apoptosis was increased following consumption of rye bran bread, which is rich in fiber (35) . Moreover, dietary fiber may reduce prostate cancer risk, possibly by increasing circulating levels of sex hormonebinding globulin, which is inversely associated with prostate cancer (5, 6) . Together, these findings suggest that an inverse association between fiber intake and prostate cancer risk is plausible.
Insoluble fiber is contained in soy foods (36) , and soy food intake has been associated with improved glucose tolerance (37, 38) . Furthermore, insoluble fiber produces butyrate, which has shown anti-inflammatory properties (36, 39) . Given experimental data suggesting that inflammation has a carcinogenic effect on aggressive prostate cancer (40) , an inverse association between insoluble fiber and advanced prostate cancer is plausible. Deschasaux et al. (30) reported similar results that intake of insoluble fiber and legume fiber was inversely associated with prostate cancer risk. Soluble fiber has been reported to improve insulin sensitivity because it possibly reduces the rate of digestion and absorption of macronutrients, including carbohydrates and fat (41) . The reason our study showed no statistically significant association for soluble fiber intake might be the much lower intake of soluble than insoluble fiber intake in Japanese populations. In a case-control study, Wakai et al. (42) also found a decreased risk of colon cancer specifically associated with insoluble fiber in Japanese. Among prospective studies, Kokubo et al. (43) found a stronger inverse association between insoluble fiber and cardiovascular disease among a Japanese population, whereas Wakai et al. (44) found no material difference in the effects of soluble and insoluble fiber on colorectal cancer risk.
In our study, the major sources of dietary fiber consisted of natto (fermented soybeans; 7.9%), rice (7.4%), miso (fermented soybean paste; 6.2%), bread (4.4%), carrots (3.9%), shiitake mushrooms (3.4%), and radish (2.9%) (45) . Thus, fiber is contained in soy foods, and protection by these types of fiber may simply indicate the influence of other constituents of soy foods, such as isoflavones. In our previous study, however, soy foods and isoflavone did not decrease the risk of advanced prostate cancer (15) , and the inverse association between fiber and advanced cancer was stronger when we adjusted for isoflavone intake. Fiber might therefore confer effective protection against prostate cancer independently of soy food and isoflavones.
The prostate-specific antigen (PSA) screening rate is lower in Japan than in Western countries (46) because PSA screening in Japan is opportunistic rather than population based. Therefore, it is also possible that men with more health-conscious behaviors, including higher fiber consumption, might be subject to a high degree of diagnostic intensity, such as PSA testing for prostate cancer (47) . This might mask the preventive effects of fiber on prostate cancer. Thus, the stronger inverse association between fiber intake and prostate cancer after cases were limited to those detected by subjective symptoms is plausible.
The major strengths of our study were its prospective design, high response rate (79%), and negligible proportion of losses to follow-up (0.3%). Information on fiber intake was collected before the diagnosis of prostate cancer, avoiding the probability of recall bias, which is inherent to case-control studies. In contrast, limitations include our use of a single, self-reported FFQ to estimate fiber intake, which is subject to random measurement errors. Thus, we cannot rule out the possibility that our results were affected by misclassification of exposure. If present, however, such misclassification would have been toward unity.
We also were unable to analyze the relation between PSA screening and healthy behavior among all subjects. Unfortunately, we did not collect information on PSA screening for all subjects, because the wide-scale adoption of screening began only after the study was initiated.
In conclusion, this study suggests that fiber intake is inversely associated with the risk of advanced prostate cancer detected by subjective symptoms even among populations with a relatively low intake, such as Japanese. These results suggest that a very low intake of dietary fiber is associated with an increased risk of prostate cancer.
